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(54) OPTICAL RECEIVING DEVICE

(567)  An optical receiving device includes a conver-
sion module, a signal generation module and a control
module. The conversion module performs photoelectric
conversion and amplification on an optical signal to gen-
erate a photocurrent, the signal generation module pro-
vides a gain signal, performs transimpedance and am-
plification on the photocurrent according to an input sig-
nal indicating a preset output voltage swing to generate

a voltage signal, and generates a measurement signal
indicating an average optical power associated with the
optical signal according to the photocurrent, the control
module outputs a control signal which is variable to adjust
again of the conversion module, so that a dynamic range
of the conversion module changes as the gain of the con-
version module itself changes.
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Description

TECHNICAL FIELD

[0001] The presentdisclosure relates to a device, and
particularly relates to an optical receiving device.

BACKGROUND

[0002] An existing optical communication system in-
cludes an optical transmitting device, an optical fiber, an
optical receiving device, an adjustable optical attenuator,
an optical splitter and an optical detector.

[0003] The optical transmitting device is used to trans-
mit an optical signal of a multilevel pulse amplitude mod-
ulation, and transfer the optical signal to the optical split-
ter sequentially via the optical fiber and the adjustable
optical attenuator. The optical splitter splits the received
optical signal into a first optical signal and a second op-
tical signal, and transfers the first optical signal and the
second optical signal to the optical detector and the op-
tical receiving device respectively. The optical receiving
device performs photoelectric conversion, amplification
and demodulation on the received second optical signal
to generate a digital data output, so as to allow a post-
stage digital circuit to use. The optical detector generates
a measurement signal indicating an optical power of the
optical signal according to the first optical signal, and
transfers the measurement signal to the adjustable opti-
cal attenuator. According to the measurement signal, the
adjustable optical attenuator decides whether the optical
signal received via the optical fiber optical is first per-
formed for power attenuation and adjustment and then
outputted to the optical splitter so that the optical receiv-
ing device will not cause a semiconductor optical ampli-
fier inside to be operated at a saturation region because
an optical power of the second optical signal received by
the optical receiving device from the optical splitter is too
large, so as to avoid the digital data output generated by
the optical receiving device being inaccurate because
the semiconductor optical amplifier is operated at the sat-
uration region.

[0004] As such, in addition to the basic elements, such
as the optical transmitting device, the optical fiber and
the optical receiving device, included by the existing op-
tical communication system, it additionally requires the
existing optical communication system to further include
the adjustable optical attenuator, the optical splitter and
the optical detector, which results in that the existing op-
tical communication system has a larger volume and a
higher cost. Moreover, a dynamic range of the optical
receiving device associated with an inputting power of
the optical signal is more limited. Therefore, the existing
optical communication system still has an improved
space.
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SUMMARY

[0005] Therefore, an object of the present disclosure
is to provide an optical receiving device which can over-
come a deficiency of the existing technology.

[0006] Accordingly, an optical receiving device of the
present disclosure comprises a conversion module, a
signal generation module and a control module. The con-
version module is used to receive an optical signal from
an optical fiber and perform photoelectric conversion and
amplification on the optical signal to generate a photo-
current. The signal generation module receives an input
signal indicating a preset output voltage swing, and elec-
trically connects the conversion module to receive the
photocurrent, the signal generation module provides a
gain signaliindicating a total gain itself, and performs tran-
simpedance and amplification on the photocurrent ac-
cording to the input signal to generate a voltage signal,
and generates a measurement signal indicating an av-
erage optical power associated with the optical signal
according to the photocurrent. The control module elec-
trically connects the conversion module and the signal
generation module, and outputs a control signal which is
variable to the conversion module to adjust a gain of the
conversion module, so that a dynamic range of the con-
version module changes as the gain of the conversion
module itself changes.

[0007] The technical effect of the present disclosure
lies in that: by that the control module generates the con-
trol signal to adjust the gain of the conversion module,
the dynamic range of the conversion module may be fur-
ther increased therewith, so that the transfer distance of
the optical signal via the optical fiber is less limited, in
turn link performance is promoted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Other features and technical effects of the
present disclosure will be apparent in an embodiment
referring to the accompanying figures, in which:

FIG. 1 is a block diagram illustrating a first embodi-
ment of an optical receiving device of the present
disclosure is used for an optical communication sys-
tem;

FIG. 2 is a simulation diagram illustrating a gain of
a semiconductor optical amplifier of the first embod-
iment itself changes with an inputting power under
different driving currents;

FIG. 3 is a simulation diagram illustrating a bit error
rate changes with the inputting powers when the gain
of the semiconductor optical amplifier of the first em-
bodiment is constant;

FIG. 4 is a simulation diagram illustrating an extinc-
tion ratio changes with the inputting powers when
the gain of the semiconductor optical amplifier of the
first embodiment is constant;

FIG.5is a simulation diagram illustrating the bit error
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rate changes with the inputting power when the gain
of the semiconductor optical amplifier of the first em-
bodiment is not constant;
FIG. 6 is a simulation diagram illustrating the extinc-
tion ratio changes with the inputting power when the
gain of the first embodiment of the semiconductor
optical amplifier is not constant;
FIG. 7 is a block diagram illustrating a second em-
bodiment of the optical receiving device of the
present disclosure; and
FIG. 8 is a block diagram illustrating a third embod-
iment of the optical receiving device of the present
disclosure is used for another optical communication
system.
[0009] The reference numerals are represented as fol-
lows:

1 optical receiving device

10 optical communication system
11, 11a, 11b conversion module
111, 116 semiconductor optical amplifier
112 optical band-pass filter

113, 118 photodetector

114 photoelectric convertor

115 biasing voltage generator
117 demultiplexer

12, 12a signal generation module
121 power detector

122 transimpedance amplifier

123 variable gain amplifier

124 automatic gain controller

125 signal generation unit

13 control module

14 multilevel pulse amplitude demodulator
15 estimation module

2 optical transmitting device

3 optical fiber

Ac gain control signal

Cs control signal

Do data output

Do 1-Don data output

DR, DR’ dynamic range

Es estimating signal

Gs gain signal

Gs1-Gsn gain signal part

La amplified optical signal

Lf filtered optical signal

L1-Ln adjusting optical signal

Ls optical signal

Ms measurement signal

Ms1-Msn measurement signal part
Pb preset bit error rate threshold
Pc photocurrent

Pc1-Pcn photocurrent part

Pt preset extinction ratio threshold
Q position

Q1 first inputting power
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Q2 second inputting power
Si input signal

Si1-Sin input signal part

Va amplified voltage signal
Vb biasing voltage

Vs voltage signal

Vs1-Vsn voltage signal part

DETAILED DESCRIPTION

[0010] Before the present disclosure is described in
detail, it should be noted that like elements are denoted
by the same reference numerals in the following descrip-
tion.

<First Embodiment>

[0011] ReferringtoFIG. 1,an embodimentofan optical
receiving device 1 of the present disclosure is adapted
to an optical communication system 10. The optical com-
munication system 10 includes an optical transmitting
device 2 and an optical fiber 3. The optical transmitting
device 2 is used to transmit an optical signal Ls of a mul-
tilevel pulse amplitude modulation (PAM-N) and transfer
the optical signal Ls to the optical receiving device 1 via
the optical fiber 3. The optical signal Ls is an at least four
level multilevel pulse amplitude modulation signal. In the
present embodiment, that the optical signal Ls is a four
level pulse amplitude modulation signal is taken as an
example, butthe present disclosure is not limited thereto.
[0012] The optical receiving device 1 of the present
embodiment includes a conversion module 11, a signal
generation module 12, a control module 13 and a multi-
level pulse amplitude demodulator 14.

[0013] The conversion module 11 is used to receive
the optical signal Ls from the optical fiber 3, and perform
photoelectric conversion and amplification on the optical
signal Ls to generate a photocurrent Pc. In the present
embodiment, the conversion module 11 includes a sem-
iconductor optical amplifier 111, an optical band-pass fil-
ter 112 and a photodetector/optical detector 113.
[0014] The semiconductor optical amplifier 111 is used
to receive the optical signal Ls and receive a control sig-
nal Cs which is variable. The semiconductor optical am-
plifier 111 adjusts a gain itself according to the control
signal Cs and amplifies the optical signal Ls to generate
an amplified optical signal La. The gain of the semicon-
ductor optical amplifier 111 is acted as a gain of the con-
version module 11. Specifically, a driving current of the
semiconductor optical amplifier 111 changes as the con-
trol signal Cs changes, and the gain of the semiconductor
optical amplifier 111 changes as the driving current
changes. Further referring to FIG. 2, FIG. 2 illustrates a
relationship between the gain of the semiconductor op-
tical amplifier 111 and an inputting power of the optical
signal Ls under different driving currents. As can be seen
from FIG. 2, ifalarger (smaller) gain of the semiconductor
optical amplifier 111 is desired, the driving current will be
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increased (decreased) according to the control signal Cs.
[0015] The optical band-pass filter 112 couples the
semiconductor optical amplifier 111 to receive the am-
plified optical signal La and band-pass filter the amplified
optical signal La to generate a filtered optical signal Lf.
Specifically, the optical band-pass filter 112 is used to
allow an optical signal having a wavelength to be detect-
ed to pass through, and filter out other optical signal hav-
ing a wavelength not to be detected.

[0016] The photodetector 113 couples the optical
band-pass filter 112 to receive the filtered optical signal
Lf and photoelectrically convert the filtered optical signal
Lf to the photocurrent Pc.

[0017] The signal generation module 12 receives an
input signal Si indicating a preset output voltage swing,
and electrically connects the photodetector 113 of the
conversion module 11 to receive the photocurrent Pc.
The signal generation module 12 provides a gain signal
Gs indicating a total gain itself. The signal generation
module 12 performs transimpedance and amplification
on the photocurrent Pc according to the input signal Si
to generate a voltage signal Vs, and generates a meas-
urement signal Ms indicating an average optical power
associated with the optical signal Ls according to the
photocurrent Pc. The measurement signal Ms is acted
as a received signal strength indication (RSSI) of the op-
tical receiving device 1. The voltage signal Vs is an at
least four level multilevel pulse amplitude modulation sig-
nal. In the present embodiment, the voltage signal Vs is
a four level pulse amplitude modulation signal, but the
present disclosure is not limited thereto. The signal gen-
eration module 12 includes a power detector 121, atran-
simpedance amplifier 122, a variable gain amplifier 123
and an automatic gain controller 124.

[0018] The power detector 121 electrically connects
the photodetector 113 to detect the photocurrent Pc and
generate the measurement signal Ms according to the
photocurrent Pc.

[0019] The transimpedance amplifier 122 electrically
connects the photodetector 113 to receive the photocur-
rent Pc and perform transimpedance and amplification
on the photocurrent Pc to generate an amplified voltage
signal Va.

[0020] The variable gain amplifier 123 receives a gain
control signal Ac indicating a variable gain, and electri-
cally connects the transimpedance amplifier 122 to re-
ceive the amplified voltage signal Va. The variable gain
amplifier 123 adjusts a gain itself to the variable gain
according to the gain control signal Ac and amplifies the
amplified voltage signal Va to generate the voltage signal
Vs.

[0021] The automatic gain controller 124 receives the
input signal Si, and electrically connects the variable gain
amplifier 123 to receive the voltage signal Vs. The auto-
matic gain controller 124 provides the gain signal Gs,
and the total gain indicated by the gain signal Gs is a
sum of gains of the transimpedance amplifier 122 and
the variable gain amplifier 123 (so the automatic gain
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controller 124 prestores a gain of the transimpedance
amplifier 122, and the gain of the transimpedance am-
plifier 122 is constant). The automatic gain controller 124
performs a comparison between a voltage swing of the
voltage signal Vs and the preset output voltage swing
indicated by the input signal Si to adjust and generate
the gain control signal Ac according to a result from the
comparison and output the gain control signal Ac to the
variable gain amplifier 123. For example, when the volt-
age swing of the voltage signal Vs is less than the preset
output voltage swing, the automatic gain controller 124
promotes the variable gain of the gain control signal Ac,
in turn the gain of the variable gain amplifier 123 increas-
es with the gain control signal Ac under control of the
gain control signal Ac, so that the voltage swing of the
voltage signal Vs is gradually adjusted to be equal to the
preset output voltage swing, so as to ensure an output
magnitude of the voltage signal Vs to be conformed with
the requirement of a post-stage circuit.

[0022] The control module 13 electrically connects the
semiconductor optical amplifier 111 of the conversion
module 11 and the power detector 121 and the automatic
gain controller 124 of the signal generation module 12.
The control module 13 is used to receive the input signal
Si and output the input signal Si to the automatic gain
controller 124, and further receive respectively the gain
signal Gs from the automatic gain controller 124 and the
measurement signal Ms from the power detector 121.
The control module 13 generates the control signal Cs
at least according to the input signal Si, the gain signal
Gs and the measurement signal Ms and outputs the con-
trol signal Cs to the semiconductor optical amplifier 111
to adjust the gain of the semiconductor optical amplifier
111 of the conversion module 11, so thatadynamicrange
of the conversion module 11 changes as the gain of the
semiconductor optical amplifier 111 changes.

[0023] Specifically, the control module 13 obtains an
extinction ratio according to the input signal Si, the gain
signal Gs, the measurement signal Ms, and an optical
responsivity associated with the photoelectric conversion
of the photodetector 113, the extinction ratio is used to
judge whether the semiconductor optical amplifier 111
of the conversion module 11 is operated at a saturation
region, and the control module 13 performs a comparison
between the extinction ratio and a preset extinction ratio
threshold to adjust and generate the control signal Cs
according to a results from the comparison, so that when
the extinction ratio is less than the preset extinction ratio
threshold (that is, it represents that the semiconductor
optical amplifier 111 is operated at the saturation region
rather than alinear region, which will resultin deformation
of an eye diagram of the amplified optical signal La, in
turn affect accuracy of demodulation of the post-stage
circuit), the gain of the semiconductor optical amplifier
111 is lowered under control of the control signal Cs,
which makes the extinction ratio after adjusted is greater
than or is equal to the preset extinction ratio threshold,
so as to make the semiconductor optical amplifier 111
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be operated at the linear region. The extinction ratio may
be obtained from the following equation (1);

__ 2xPavg+Oma

ER equation (1),

- 2xPavg—Oma

where, aparameter ERis the extinction ratio, a parameter
Pavg is associated with a ratio of the measurement signal
Ms and the optical responsivity, a parameter Oma is as-
sociated with a ratio of the input signal Si and the gain
signal Gs.

[0024] The multilevel pulse amplitude demodulator 14
electrically connects the variable gain amplifier 123 to
receive the voltage signal Vs and demodulate the voltage
signal Vs to generate a data output Do.

[0025] ReferringtoFIG. 3 and FIG. 4, FIG. 3 illustrates
a relationship between a bit error rate (BER) of the data
output Do and an inputting power of the optical signal Ls
(which depends on a loss of the optical fiber 3) when the
gain of the semiconductor optical amplifier 111 is con-
stant. FIG. 4 illustrates a relationship between the extinc-
tion ratio ER and the inputting power of the optical signal
Ls when the gain of the semiconductor optical amplifier
111 is constant. In FIG. 3, when the bit error rate is less
than or equal to a preset bit error rate threshold Pb, the
optical communication system 10 has a better link per-
formance, and it is preferable to maximize a dynamic
range of the optical receiving device 1 (that is, the dy-
namic range of the conversion module 11 represented
by a symbol DR in FIG. 3) at various optical fiber trans-
mission lengths. Because, as for a smaller inputting pow-
er of the optical signal Ls (that is, before a Q point), the
bit error rate of the data output Do is limited by a noise
of the optical communication system 10, but as for a larg-
er inputting power of the optical signal Ls (that is, after
the Q point), the link performance of the optical commu-
nication system 10 will become poor, and the bit error
rate of the data output Do is limited by nonlinear distortion
caused by the semiconductor optical amplifier 111 (that
is, the semiconductor optical amplifier 111 is operated at
the saturation region). Therefore, it may attain an input-
ting power range of the optical signal Ls of the best link
performance by adjusting a starting position (that is, Q
point) of the nonlinear distortion where the semiconduc-
tor optical amplifier 111 is operated, so as to maximize
the dynamic range DR of the optical receiving device 1.
Also, as shown in FIG. 4, as for linear operation of the
amplified optical signal La, because the gain of the sem-
iconductor optical amplifier 111 corresponding to a small-
er inputting power of the optical signal Ls (that is, before
the Q point) linearly changes, the extinction ratio ER is
maintained constant. However, as for a larger inputting
power of the optical signal Ls (that is, after the Q point),
because the gain of the semiconductor optical amplifier
111 gradually becomes nonlinear (that is, the semicon-
ductor optical amplifier 111 is operated at the saturation
region), the extinction ratio ER begins to be less than the
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preset extinction ratio threshold. Therefore, the optical
receiving device 1 of the present disclosure determines
whether the semiconductor optical amplifier 111 is oper-
ated at the linear region by judging whether the extinction
ratio ER is less than the preset extinction ratio threshold
(that is, represented by a symbol Pt in FIG. 4), and when
the extinction ratio ER is less than the preset extinction
ratio threshold Pt, the optical receiving device 1 lowers
the gain of the semiconductor optical amplifier 111 (that
is, decreases the driving current of the semiconductor
optical amplifier 111), to make the starting position Q of
the nonlinear distortion where the semiconductor optical
amplifier 111 is operated be postponed therewith, so that
the dynamic range of the conversion module 11 increas-
es therewith, a transfer distance of the optical signal Ls
via the optical fiber 3 is less limited so as to promote link
transmission performance.

[0026] Referring to FIG. 5 and FIG. 6, FIG. 5 and FIG.
6 respectively differ from FIG. 3 and FIG. 4 in that, the
gain of the semiconductor optical amplifier 111 is not con-
stant. It can be seen from simulation diagrams of FIG. 5
and FIG. 6, when an inputting power of the optical signal
Lsis greaterthan afirstinputting power Q1, the extinction
ratio ER begins to be less than the preset extinction ratio
threshold Pt. Therefore, the control module 13 lowers the
gain of the semiconductor optical amplifier 111, to make
the semiconductor optical amplifier 111 continuously be
operated at the linear region, and the semiconductor op-
tical amplifier 111 from operated at the linear region turns
to that the starting position of the saturation region is
postponed therewith from a position where the first in-
putting power Q1 is located to a position where a second
inputting power Q2 is located, in turn a dynamic range
DR’ of the conversion module 11 increases therewith, so
the optical receiving device 1 of the present disclosure
indeed has a preferable link performance.

[0027] Itis noted that, in other embodiments, the opti-
calreceiving device 1 furtherincludes an estimation mod-
ule (not shown) which is electrically connected between
the multilevel pulse amplitude demodulator 14 and the
control module 13. The estimation module generates a
estimating signal (which is associated with one of a bit
error rate and a signal-to-noise ratio (SNR) of the optical
signal Ls) according to the data output Do and outputs
the estimating signal to the control module 13, so that
the control module 13 adjusts the control signal Cs further
according to the estimating signal.

<Second Embodiment>

[0028] Referring to FIG. 7, a second embodiment of
the optical receiving device 1 of the present disclosure
is similar to the first embodiment, but differs from the first
embodiment in that, in the second embodiment: (1) a
conversion module 11a replaces the conversion module
11 of the first embodiment (see FIG. 1), the conversion
module 11a includes a photoelectric convertor 114 and
a biasing voltage generator 115; and (2) the power de-
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tector 121 electrically connects the photoelectric conver-
tor 114 rather than the photodetector 113 (see FIG. 1).
[0029] The photoelectric convertor 114 receives a bi-
asing voltage Vb, and is used to receive the optical signal
Ls from the optical fiber 3. The photoelectric convertor
114 adjusts a gain itself according to the biasing voltage
Vb (for example, when the biasing voltage Vb increases,
the gain of the photoelectric convertor 114 increases
therewith), and performs photoelectric conversion and
amplification on the optical signal Ls to generate the
photocurrent Pc. In the present embodiment, the gain of
the photoelectric convertor 114 is acted as a gain of the
conversion module 11a. The photoelectric convertor 114
is made of an avalanche photon diode.

[0030] The biasingvoltage generator 115is electrically
connected between the photoelectric convertor 114 and
the control module 13, receives the control signal Cs from
the control module 13, and adjusts and generates the
biasing voltage Vb according to the control signal Cs,
and outputs the biasing voltage Vb to the photoelectric
convertor 114.

[0031] It is noted that, the control module 13 obtains
the extinction ratio ER at least according to the input sig-
nal Si, the gain signal Gs, the measurement signal Ms,
and an optical responsivity associated with photoelectric
conversion of the photoelectric convertor 114, and in the
equation (1), the parameter Pavg is associated with the
measurement signal Ms, the optical responsivity and the
gain of the photoelectric convertor 114. An operation of
the second embodiment of the optical receiving device
1 is similar to the operation of the first embodiment of the
optical receiving device 1, so the description thereof is
omitted.

<Third Embodiment>

[0032] Referring to FIG. 8, a third embodiment of the
optical receiving device 1 of the present disclosure is
used for another optical communication system, and the
another optical communication system is a wavelength
division multiplexing (WDM) transfer system. The third
embodiment is similar to the first embodiment, the third
embodiment differs from the first embodiment in that, in
the third embodiment: (1) the optical signal Ls has a plu-
rality of multilevel pulse amplitude modulation signals
which each are an at least four level pulse amplitude
modulation signal) (in the present embodiment, thateach
multilevel pulse amplitude modulation signal is a four lev-
el pulse amplitude modulation signal is taken as an ex-
ample, but the present disclosure is not limited thereto);
(2) a plurality of photocurrent parts Pc1-Pcn constitute
the photocurrent Pc (see FIG. 1), a plurality of gain signal
parts Gs1-Gsn constitute the gain signal Gs (see FIG.
1), a plurality of measurement signal parts Ms1-Msn con-
stitute the measurement signal Ms, a plurality of voltage
signal parts Vs1-Vsn constitute the voltage signal Vs; (3)
a plurality of input signal parts Si1-Sin constitute the input
signal Si (see FIG. 1), the plurality of input signal parts
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Si1-Sin respectively indicate a plurality of preset output
voltage swing parts, the plurality of preset output voltage
swing parts constitute the preset output voltage swing
indicated by the input signal Si; (4) a conversion module
11b and a signal generation module 12a respectively re-
place the conversion module 11 and the signal genera-
tion module 12 of the first embodiment (see FIG. 1); and
(5) a plurality of multilevel pulse amplitude demodulators
14 and an estimation module 15 are further included.
[0033] In the present embodiment, the conversion
module 11b includes a semiconductor optical amplifier
116, ademultiplexer 117 and a plurality of photodetectors
118. It is noted that, because an operation of the semi-
conductor optical amplifier 116 is similar to the operation
of the semiconductor optical amplifier 111 of FIG. 1, the
description thereof is omitted.

[0034] The demultiplexer 117 couples the semicon-
ductor optical amplifier 116 to receive the amplified op-
tical signal La and demultiplex the amplified optical signal
La to generate a plurality of adjusting optical signals L1-
Ln which are respectively associated with the plurality of
multilevel pulse amplitude modulation signals of the op-
tical signal Ls.

[0035] The plurality of photodetectors 118 couple the
demultiplexer 117 to respectively receive the plurality of
adjusting optical signals L1-Ln and respectively photoe-
lectrically convert the plurality of adjusting optical signals
L1-Ln to the plurality of photocurrent part Pc1-Pcn cor-
respondingly.

[0036] In the present embodiment, the signal genera-
tion module 12a includes a plurality of signal generation
units 125. It is noted that, because the detailed compo-
nents and the operation of each signal generation unit
125 are similar to those of the signal generation module
12 of FIG. 1, only signal generation unit 125 in the top
most is taken as an example and simply described.
[0037] The signal generation unit 125 electrically con-
nects the control module 13 to receive the corresponding
input signal part Si1, and electrically connects the corre-
sponding photodetector 118 to receive the correspond-
ing photocurrent part Pc1. The signal generation unit 125
provides the corresponding gain signal part Gs1, and am-
plifies the corresponding photocurrent part Pc1 accord-
ing to the corresponding input signal part Si1 to generate
the corresponding voltage signal partVs1, and generates
the corresponding measurement signal part Ms1 indicat-
ing an average optical power of the corresponding photo-
current part Pc1 according to the corresponding photo-
current part Pc1.

[0038] The plurality of multilevel pulse amplitude de-
modulators 14 respectively electrically connect the plu-
rality of signal generation units 125 to respectively re-
ceive the plurality of voltage signal parts Vs1-Vsn, and
demodulate the plurality of voltage signal parts Vs1-Vsn
respectively to respectively generate a plurality of data
outputs Do1-Don.

[0039] The estimation module 15 electrically connects
the control module 13, and electrically connects the plu-
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rality of multilevel pulse amplitude demodulators 14 to
receive the plurality of data outputs Do 1-Don, and gen-
erates an estimating signal Es according to the plurality
of data outputs Do 1-Don and outputs the estimating sig-
nal Es to the control module 13, so that the control module
13 adjusts the control signal Cs further according to the
estimating signal Es. In the present embodiment, the es-
timating signal Es is associated with one of the bit error
rate and the signal-to-noise ratio of the optical signal Ls.
[0040] Itis noted that, an operation of the third embod-
iment of the optical receiving device 1 and is similar to
the operation of the first embodiment of the optical re-
ceiving device 1, the description thereofis omitted. More-
over, manners that the control module 13 adjusts the
control signal Cs are: (1) obtaining a plurality of extinction
ratios at least according to the plurality of input signal
parts Si1-Sin, the plurality of gain signal parts Gs1-Gsn
and the plurality of measurement signal parts Ms1-Msn
to adjust the control signal Cs; (2) obtaining the extinction
ratio only according to the input signal part, the gain signal
part and the measurement signal part correspondingly
outputted by one of signal generation units 125 and a
corresponding optical responsivity to adjust the control
signal Cs; (3) adjusting the control signal Cs only accord-
ing to the estimating signal Es; and (4) comprehensively
considering the extinction ratio from the manner (2) and
the estimating signal Es from the manner (3) to adjust
the control signal Cs, but the present disclosure is not
limited thereto.

[0041] In conclusion, by cooperation between the sig-
nal generation module 12 (12a) and the control module
13 inside the optical receiving device 1 itself, the optical
receiving device 1 of the present disclosure knows
whether the semiconductor optical amplifier 111 (116) or
the photoelectric convertor 114 is operated at the satu-
ration region, and the control module 13 will perform cor-
responding gain control on the semiconductor optical am-
plifier 111 (116) or the photoelectric convertor 114 to
avoid the problem that the semiconductor optical ampli-
fier 111(116) or the photoelectric convertor 114 is oper-
ated at the saturation region. As such, the optical com-
munication system which employs the optical receiving
device 1 of the present disclosure may omit the adjust-
able optical attenuator, the optical splitter and the optical
detector which are additionally provided in the existing
optical communication system. Therefore, the optical
communication system which employs the optical receiv-
ing device 1 of the present disclosure has a smaller vol-
ume and a lower cost in comparison with the existing
optical communication system. Moreover, by adjusting
the gain of the semiconductor optical amplifier 111 (116)
or the photoelectric convertor 114, the dynamic range of
the conversion module 11 (11a, 11b) may be further in-
creased therewith, so that the transfer distance of the
optical signal Ls via the optical fiber 3 is less limited, in
turn link performance is promoted.

[0042] However, the above description is only for the
embodiments of the present disclosure, and it is not in-
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tended to limit the implementing scope of the present
disclosure, and the simple equivalent changes and mod-
ifications made according to the claims and the contents
of the specification are still included in the scope of the
present disclosure.

Claims
1. An optical receiving device, comprising:

a conversion module which is used to receive
an optical signal from an optical fiber and per-
form photoelectric conversion and amplification
on the optical signal to generate a photocurrent;
a signal generation module which receives an
input signal indicating a preset output voltage
swing, and electrically connects the conversion
module to receive the photocurrent, the signal
generation module providing a gain signal indi-
cating a total gain itself, and performing transim-
pedance and amplification on the photocurrent
according to the input signal to generate a volt-
age signal, and generating a measurement sig-
nal indicating an average optical power associ-
ated with the optical signal according to the
photocurrent; and

a control module which electrically connects the
conversion module and the signal generation
module, and outputs a control signal which is
variable to the conversion module to adjust a
gain of the conversion module, so thata dynamic
range of the conversion module changing as the
gain of the conversion module itself changing.

2. The optical receiving device of claim 1, wherein the
conversion module comprises:

a semiconductor optical amplifier which is used
toreceive the optical signal from the optical fiber,
and electrically connects the control module to
receive the control signal, the semiconductor
optical amplifier adjusts a gain itself according
to the control signal and amplifies the optical sig-
nal to generate an amplified optical signal, the
gain of the semiconductor optical amplifier is act-
ed as the gain of the conversion module,

an optical band-pass filter which couples the
semiconductor optical amplifier to receive the
amplified optical signal, and band-pass filters
the amplified optical signal to generate a filtered
optical signal, and

a photodetector which couples the optical band-
pass filter to receive the filtered optical signal
and photoelectrically convert the filtered optical
signal into the photocurrent.

3. The optical receiving device of claim 1, wherein the
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conversion module comprises:

a photoelectric convertor which receives a bias-
ing voltage, and is used to receive the optical
signal from the optical fiber, the photoelectric
convertor adjusts a gain itself according to the
biasing voltage and performs photoelectric con-
version and amplification on the optical signal
to generate the photocurrent, the gain of the
photoelectric convertor is acted as the gain of
the conversion module, and

a biasing voltage generator which is electrically
connected between the photoelectric convertor
and the control module, receives the control sig-
nal from the control module, and adjusts and
generates the biasing voltage according to the
control signal, and outputs the biasing voltage
to the photoelectric convertor.

The optical receiving device of claim 3, wherein the
photoelectric convertoris made of an avalanche pho-
ton diode.

The optical receiving device of claim 1, wherein the
optical signal and the voltage signal each are an at
leastfourlevel multilevel pulse amplitude modulation
signal.

The optical receiving device of claim 1, wherein the
signal generation module comprises:

a power detector which electrically connects the
conversion module to detect the photocurrent,
generate the measurement signal according to
the photocurrent and output the measurement
signal to the control module,

a transimpedance amplifier which electrically
connects the conversion module to receive the
photocurrent and perform transimpedance and
amplification on the photocurrentto generate an
amplified voltage signal,

a variable gain amplifier which receive a gain
control signal indicating a variable gain, and
electrically connects the transimpedance ampli-
fier to receive the amplified voltage signal, the
variable gain amplifier adjusts a gain itself to the
variable gain according to the gain control signal
and amplifies the amplified voltage signal to gen-
erate the voltage signal, and

an automatic gain controller which electrically
connects the variable gain amplifier and the con-
trol module to respectively receive the voltage
signal and the input signal, and perform a com-
parison between a voltage swing of the voltage
signal and the preset output voltage swing indi-
cated by the input signal to adjust and generate
the gain control signal according to a result from
the comparison and output the gain control sig-
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nal to the variable gain amplifier,

the automatic gain controller further provides the
gain signal, a total gain indicated by the gain
signal is a sum of gains of the transimpedance
amplifier and the variable gain amplifier.

The optical receiving device of claim 1, further com-
prising:

a multilevel pulse amplitude demodulator which
electrically connects the signal generation module
to receive the voltage signal and demodulate the
voltage signal to generate a data output.

The optical receiving device of claim 1, wherein the
control module is used to receive the input signal
and output the input signal to the signal generation
module, and further receive the gain signal and the
measurement signal from the signal generation
module, the control module obtains an extinction ra-
tio according to the input signal, the gain signal, the
measurement signal and an optical responsivity as-
sociated with photoelectric conversion of the conver-
sion module, the extinction ratio is used to judge
whether the conversion module is operated at a sat-
uration region, and perform a comparison between
the extinction ratio and a preset extinction ratio
threshold to adjust and generate the control signal
according to a result from the comparison, so that
when the extinction ratio is less than the preset ex-
tinction ratio threshold, the gain of the conversion
module is lowered under control of the control signal.

The optical receiving device of claim 1, wherein the
optical signal has a plurality of multilevel pulse am-
plitude modulation signals which each are an at least
four level pulse amplitude modulation signal, the
photocurrent has a plurality of photocurrent parts,
the conversion module comprises:

a semiconductor optical amplifier which is used
toreceive the optical signal from the optical fiber,
and electrically connects the control module to
receive the control signal, the semiconductor
optical amplifier adjusts a gain itself according
to the control signal and amplifies the optical sig-
nal to generate an amplified optical signal, the
gain of the semiconductor optical amplifier is act-
ed as the gain of the conversion module,

a demultiplexer which couples the semiconduc-
tor optical amplifier to receive the amplified op-
tical signal and demultiplex the amplified optical
signal to generate a plurality of adjusting optical
signals respectively associated with the plurality
of multilevel pulse amplitude modulation sig-
nals, and

a plurality of photodetectors which couple the
demultiplexer to respectively receive the plural-
ity of adjusting optical signals and respectively
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photoelectrically convert the plurality of adjust-
ing optical signals to the plurality of photocurrent
parts correspondingly.

10. The optical receiving device of claim 9, wherein the

1.

preset output voltage swing has a plurality of preset
output voltage swing parts, the input signal has a
plurality of input signal parts which each indicate the
corresponding one of the plurality of preset output
voltage swing parts, the gain signal has a plurality
of gain signal parts, the voltage signal has a plurality
of voltage signal parts , the signal generation module
comprises:

aplurality of signal generation units, each signal gen-
eration unit electrically connects the control module
to receive the corresponding input signal part, and
electrically connects the corresponding photodetec-
tor to receive the corresponding photocurrent part,
each signal generation unit provides the correspond-
ing gain signal part and amplifies the corresponding
photocurrent part according to the corresponding in-
put signal part to generate the corresponding voltage
signal part, and generates a measurement signal
part indicating an average optical power of the cor-
responding photocurrent part according to the cor-
responding photocurrent part, wherein a plurality of
measurement signal parts constitute the measure-
ment signal.

The optical receiving device of claim 10, wherein the
optical receiving device further comprises:

a plurality of multilevel pulse amplitude demod-
ulators which respectively electrically connect
the plurality of signal generation units to respec-
tively receive the plurality of voltage signal parts
and respectively demodulate the plurality of volt-
age signal parts to respectively generate a plu-
rality of data outputs; and

an estimation module which electrically con-
nects the control module, and electrically con-
nects the plurality of multilevel pulse amplitude
demodulators to receive the plurality of data out-
puts, and generates an estimating signal ac-
cording to the plurality of data utputs and outputs
the estimating signal to the control module, so
that the control module adjusts the control signal
further according to the estimating signal, the
estimating signal is associated with one of a bit
error rate and a signal-to-noise ratio of the opti-
cal signal.
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